The estimation of return periods for floods likely to have significant societal impact is challenging unless suitably long records exist. Relatively few sites across the UK provide a continuous record of river level or discharge over 50 years, whilst records extending back to the nineteenth century are rare. This represents a significant problem in providing robust and reliable estimates of flood risk, as relatively short records often fail to include an adequate sample of large floods. The inclusion of historical flood levels/magnitudes prior to instrumental river flow recording presents a valuable opportunity to extend this dataset. This paper examines the value of using historical data (both documentary and epigraphic) to augment existing gauged records for the River Trent in Central England, as part of a multi-method approach to assessing flood risk. Single station and pooled methods are compared with flood risk estimates based on an augmented historical series using the generalised logistic and generalised Pareto distributions. The value of using an even longer, but less reliable, extended historical series (1320-2008) is also examined. It is recommended that modelling flood risk for return periods >100 years should incorporate historical data, where available, and that a multi-method approach increases confidence in flood risk estimates. 
INTRODUCTION
The application of historical flood information when reassessing flood risk has increased during the last decade This paper explores the benefits of additional information in the form of historical records being incorporated into flood frequency estimates. More specifically, the objectives of this paper are:
1. to examine the viability of incorporating historical information into flood frequency analysis; 2. to consider the sensitivity of the approaches available and suitability at Nottingham; and 3. to reassess flood risk at Nottingham using historically augmented datasets compared to conventional UK flood frequency analysis approaches.
THE TRENT CATCHMENT
The River Trent has five major tributaries: the Tame 
DATA SOURCES, CALIBRATION AND HARMONISATION
An evaluation of the historical data is vital prior to any potential incorporation within flood frequency assessments.
The individual records require assessment through the cross referencing of information from coeval sources where available. This can represent a problem for the oldest sources, but is valuable in identifying spurious events (Macdonald & Black ) . In cases where heights have been attributed to an event, critical assessment of these levels and conversion of the levels into a discharge is required where possible; 1884-1969, excluding 1956-1957 are well documented, the latter particularly well for an event during this period. As a result, analysis has been conducted for all events from 1795 onwards, a timeframe comparable to that selected in previous studies ( Agency (). In combining data from each of these sources, the data require harmonisation. The series (1956-1957 missing) , is based on four separate series and subsequent ratings made at Trent Bridge. Theoretically, the data from sources (4) and (5) should be readily comparable as both are recorded from adjacent locations for some of the same events (Figure 3(a) ). The data in (5) are flows in cusecs (cubic feet per second), a measurement used prior to metrification in the UK, as these events overlap with those of (2) they are used for cross-checking and provide increased confidence in the existing record. The data in (1) 
HISTORY OF NOTTINGHAMS BRIDGES
The history of bridges in the Nottingham area is well docu- 
THE LARGEST HISTORICAL FLOODS AT NOTTINGHAM
The The single site and pooled curves in Figure 4 are placed on the same graph as the augmented series, though the single site flood curve can only be directly read from the return frequency and Q/QMED axis (discharge/median discharge).
Conventional flood frequency analysis
The single site and pooling approaches are both methods 
Historically augmented analysis
The gauged data were augmented with historical data using the approach outlined by Bayliss & Reed () . The augmented series is analysed using a threshold following the criterion that the threshold has a lower constraint determined by the lowest historical flood (Bayliss & Reed ), Table 4 ).
RESULTS

Multi-method comparison
The The discrepancy between the gauged, augmented and pooled curves is greatest for the high magnitude-low probability events (Table 4) 
REGIONAL FLOOD GENERATING SYNOPTIC PATTERNS AT NOTTINGHAM
This section examines the synoptic conditions prior to the largest recorded flood events, and the potential value of the Central England Temperature (CET) in identifying thaw-generated floods. The data from the CET series included in Table 5 provide an indication of climatic conditions prior to known floods. This information is assessed in an attempt to identify a proxy method for the validation of thaw occurrence within the historical flood records (Table 1) Table 5 identifies the synoptic conditions for the 3 days prior to known recorded flood events. Analysis of the synoptic conditions for the largest ten floods since 1861 (Table 5 ) (1861 is the start of the weather classification)
identifies that the most frequently occurring mechanisms for flooding in the Trent catchment appear to be:
• Cyclonic; four events.
• Westerly; three events.
• Easterly; three events.
Of those events with thaws as the generating mechanisms in the documentary accounts, two had predominantly Easterly conditions, while Cyclonic and Westerly conditions can be attributed once each to snowmelt generated events.
Snowmelt/thaw appears to cause four of the largest events; those of 1869, 1910, 1947 and 1977. Of these the CET series shows that only 1947 and 1977 were preceded by sub-zero daily temperatures at Nottingham (3 days prior to the flood, Table 5 
DISCUSSION
The annual probability estimates for the Trent at Nottingham differ considerably between methods and analysed periods. The estimate from the Bayliss and Reed augmented method for the 100 year return frequency (0.01 annual probability exceedence), 1,386 m 3 s À1 , would be ranked second within both long and shorter timeframes, and appears credible in relation to past flows (Table 3 ). The gauged estimate of 1,161 m 3 s À1 represents a flow comparable with the 1852 event (the third largest in the chronology since 1795 (see Table 3 )). The estimates derived from the pooled and GPD approach raise serious concerns, the respective estimates for an event with an annual exceedence probability of 0.01 are 814 and 1,643 m 3 s À1 . The pooled estimate is unrealistic considering this level has been exceeded 14 times within the period since 1795, and four times during the gauged record . A probable cause for the poor comparison of the pooling approach, as previously detailed, is the treatment within the pooling process as a moderately urbanised catchment, coupled with the challenge in selecting a pooling group of comparable sites, as few other sites within the UK are of similar size. The estimated discharge of the 0.01 annual exceedence probability events, using the GPD is 1,643 m 3 s À1 , a discharge not observed during the history of flooding at Nottingham, raising serious concerns and reinforcing the importance of using a multiple technique approach in high magnitude flood estimation. The relative similarities between the discharge estimates from the single site and augmented approaches appear credible, suggesting that they should be used in preference to those derived from the GPD or pooled approaches (see Table 4 ).
The flood frequency estimates when applying the GPD approach ( Figure 5(b)-(d) ) for the largest flood events appear too low, thereby overestimating the frequency of the largest events and as a result raising considerable concern as to the plausibility of this approach. The estimates derived using the GPD approach in Figure 5 The estimates derived from the single site (gauged) and historically augmented approaches appear realistic and are credible up to the 100-year return period. Within this study the augmented approach has been shown to be preferable to the GPD and pooled methods, as considerable concern is raised by the implausibility of the derived estimates from these approaches at low probabilities.
The principal finding from the analysis is that a multimethod approach enhances confidence in the techniques used and hence in the reliability of derived estimates, while permitting the practitioner the opportunity for adopting the most appropriate method depending on the return frequency required.
